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A punpepreasseriaged ouuddn;, ayaten for the Ul rpendant rocket | 
Motors neste ws uden CvuBLruobod and cuatvruteds Slmkaudown twats ware 
Pertomned under sloadyeatite condi bins at uw glamves pressure of 600 pad, 
and resulta are, in jenurad, savigfaotur,. « unasd orack ovseerved in the 


300 pel dnjvotor Lace, uduu on the sau curdes of rang, appears to be 


“ due to @ sirvee conventravion and had vuen correotud dn suvsequent 


ales 


injectors by the use of rudievin; iliucte. io olhar danase has ocourred 


on any of the bipropelioan® syatem componentse 


Stwuady wtato waver flow caudbratione were periormed on the 
Gavitating vunturis, 30) and (0) ved Injectors, and axdubin f.vw 
nadulavir, wait pistonsas these teule lave youn used to autalsiah the 
dinite of opurution of the variouy curmonenta in conjunction with oash 
other, ahd wias bu uscd fur deterrinnuion vi proper setvdngs and test 
conditions for forthcomln: weica with slow mocdtatlone 

Devesopment laa continued on the hutewire fuow phasmsever 
probe aid anpsifier, and ‘a nunver os different type proves have been 
tosved for seneitivit and epnadoation ‘tu thu type of flow enooun tered 
on these tou.s, Additionad devesapment ark on tle unpaitier has 
removed ali inheront phase sift from the syste and au Leon ouscesss ud 
in providiay flat frequenay response in the range requised. 4 rethod 
for determining the ros,onse of the hot wire when used in tho syeten 
sonficuratsen with the LLowsmoduau tins unit hxe «con desizned and 
wudite ihiv apparatus wias peralt detection os any dnhcrent phase 
dag introduced by the hot «ira iteedf, 
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leo Afternic of tho dasteusentation syatem Lr nearly completes 


itdd aJOY cONpOnUnTA tava orn chuacad with tha exception of the 


Gathode Soidovers, filters, and phage-tiwasurdn; device whieh are to 
be aed Jor the dynes racoria, Ghockout of the sonatantephase 
dap liviors and tape recorder revealed the nooesalty ior a low frequensy 
2 ond phase enizt network and an additional output attununvor on the © 
 aupaitiera, and phase compensation was wacaney on the Ampex tape 
reoosier, These ‘wo componente now piroru savlefactursly ea ads tow 
chemnels, As reported previously, a. of vhe tranmission sine ayutene 
and mean Value ¢roordin; ayatuna are Operating eatisfactorisy witeia 
the maxinun yormiseiile errors as required. | 
the idelis prosuare phekupe are now in current use on the 
bipvepeliant chamber, and acparentjy are pertorning catiafastamiiy — 
ia al. respests exsept fer what appeare to be 4 mall encunt of 
tenperatuse @ift, which, however, i¢ apparently quite predi stables 
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\Duader Contrant One S$eTA)ee ee undertaken as i. part of the 
Jot vremuieion research progres of thw Departnant of Aarensuttond 
mginecring at Princeton to "sonduct an luwnetigation ef the genwrad 
provost be covbustion inetaligity in iiquid propesant rosiet engingme” 
hie erm shal cgnaiet uf theoretioas analyace and wperiantal | 
vari. f.dation vl theory, The ultduate objective ahaa be the collsetion 
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Ok miilaheme date Ghat iad pooh Gla rwolieb oagsde wud ada be pruvage 
jarwes viloabe wiheli ave wolaulyedy fea or Vhu phonauema or dana Laity 
Satoras) shad. wunvor la that form es uidunbiy operation Wwisd.ots Aa 
chptauterdaed uy biz xrequensy viorwtdone and do oomnonty Kaew ae 


“sorennd.ngy* 


By idutowy 

Materent at Prinoaton An the problem of combustion instability Jn 
Maud properdant rocket motors was piven dapetus by a bureau of davonmutios 
spapediin held at ‘she Bevel Resesrch Laboratory on the 7th and Sth of 
~ Deeaoar 20900, This interest resulted in (heoretieal analyses uy 
_ Pepeteeee He Sramaefiald sed bn Orence of tits Center, 
Wwotenene Sumertiald's work, "Theory of Unstable Cenbesien sn 
_ MUHA Propellams Neches Syevene’ (dhid, September 2951), esasidenes the 
ehiene el tach inertia ta the lige propellant food sins oad ombustion 
a  eagmahjange With e comptes coniustion tine lag, and applict to. 


“Ue oe (9. 8 een vr sem) enemy ene 


Sig gy tera Rapa 
oe Meine, eace sane ihe cewept sf th pramare dapeniee 
. err nie mp “Aspens of Oealrastie eabiity in 
_obadanheer yangelrtaca pene 1998), 
nat ie Penfemamnen-voiittag from thio: concept, and analyses the 
pd ot hove Sronponay sastanfiiwy with nenapropeldante, Bow Srnjueney 


sneha ath Mywepelianta end high fromency instabii'.j, Ath 
ae eect goncentrated at the end of tha comuuution Choe 
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| bonteing +o subst the eenoept of a pruseure rene tine lag 
we expueinentad tant, a prodiainary proporal wai onde uy vhe tnlvagadty te 
the wirean of Awwonautdos i the mamas of 2951, mil following w Larmal, 
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rayesh, a rowhead proposal wad subibltted whieh vaaudtcd da Gontsuut 
Lian Dee Figeoa > ee 
| Analytica, suntles W4oh concentrated and welel buted cowluetLon 
had been carricai on in the wountiires ular Profenmert Urgeco!s alruotion arid 
within the sponscrehip of the Uugvenheda Jet Proputaion Genter by 3. J. Cheng 
and ware issued ao his Phel, theals, “Intrinede High Frequency Combustion 
Instability in u Ugaid Provellant Rocket doter," dated April 1952, 
fine waa devoted, in anticipation of the eontract, turing the 
fivet third of 1952, to constructing fectiities, securing persoiues, and 
planning the experimented approneh. 
Daring the Fhewt Use menth purdod af she contrest year, 
| pertvcins) and tuciiities at the new dency Vebrestad Research Center wore 
easigned, Re ee ee aren eee te eee 
ta geno dovatte ° 
A constant oie wieieatel ian feed ayeten we designed ond 
_ preliminary designe ¢: the etyhane oxide rocyet seter and the 
inotemutecion aystens wire wasted out, Spestal Lestures of the projected 
aes included a flow moda datin: wait to cause costLutions in prepaliant 


Sua MAN wales @ waLerenooled straineyage rrennure phekup deeigned for Clush 


“S “adiashtung An the rocket chamber, and several peesible m’ ade for dynamite 
- Meneupeyent 01 an vociliating prepediant Clow pales 
Searchew were nade of Lhe Mierature fer eyuroes of Antormacion 
7 , gpnbastion instavd ity and ethylene oxide, and visite to a number of 

Wm > aotivities workday; on quia propes ant rocket eombustdon dnsvaudiity 
problema wore nuda for purposue of faaiidarisation with equipment and =” 
Posultm, | ‘ We < 

The bania precepta of Yrooeols theory tor combustion inatebiiity 


were reviews, ind ‘tevniied analy@ou made cor opegdfie patveruw os eombustion 
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Weta va hatte 

Upurnldonad tate and oadlbravden of the Yrduowtonsl 4 preemure 
plete proved tio value of the deglpn, adthyush faitucg of the pLokup undoes 
lagranaiias ruake. gonditiona showed the wenesalty vox modittearion of oe 
Cond wyshutls | 

Conntzuotion af Lhe ronoprepeilant tast atand and rocket motor 
was conplateds Hedhtivatvion# wry mada to the MtinestonelIT pressure 
plekup to provide for ‘higher permiesibie heat-transfer ratee in order that 
Lt be natiefacvory for use under “avreaming" conditions in a vipropellaat 
vosket moter. Construction atid prelininary welding of the hoteure Slew 
nhaseneter and ite aseociatod equipment were oopleted, 

A new contract, Mins 59edl7ec, dated 1 Mareh 1953, wre granted 
by the vuveau of Aeronautics ve eentinuy tho progran originally aueve 
under Nes 52713-e. “paration ef the nonoprepe amt rooket notor van’ 
begun under this new contract, and chakedowm operations were completed. 

It was found that degomposition of ethylene oxide could not be attained 
with the exiginal moter design despite many configuration changes, and 

it was decided te avoid @ ion; and cestly development program. ty operating 
the Seenepropeliant® otor with menil amounts of yaseow oxygen, the 
required Linits of oxygen Liow rete were determined at severe) ehanber | 
prvanuren, and iv we denonstrated that the oxyyen would prosavly have s 
negli,;ible effect on perfornanse when compared to the effect of ethylene 
oxide flow rete wodusation. PreLininary veeve with Cow rate modulation 


“up to 100 ops wore perdormud Lor Lhe purpoens of aystea chookout, using 


Anterdn AC anpid fiers in adou of the neoosoary DC inetrunente, 
"he tine consvant of che hot-wire quid flew phasemeter was 


» 


found to We 0,45 miLiineoonds and preparations Lor Anelantaneous flow 


. Cabhbyvations wore madee A best who aan scustengted fee this ovepuctts 
A eaopetbant vookew oyun muy adhywd oxyeen and 200 ethod 
@loohol tain cankgied on the bunks ot monopropeudant operational uxpordusoes 
sO Anoarnorating a adjuatablle phane Llow modulatdny, undt on both propedlantis 
Injoetor design was awed on & SeneAguTnvin wood extonsively ” Keagtdon 
Notows, Ince 
Gparation of dip aiaecuce ae ecaenee dn aa, 
medelation at frequencies up to 120 opo, using a ccnpesite inatrunentation 
aymien to ensure reas: values, atiplituces of ceeiilation, and phase 


Gisference between injeotor and chanber pressures, dnadyeie of the pedulte 


ef this program desonetrated approximate adherence to the presuurestine 
lag relationship weed in Oroeco's original theoretion) treatantts sesureey 
f the neamurenints we net adequate to provide 8 detailed chee of ti 
" qnaeny, however, 00 a inatrmant refineneht and development progren vas 
4g | iis Wide Catena conde medeaaden: 
dep t0 oxptpment mai twats oon, aad had to be abandoned ap a poeribie meens 
| of ponmuring Anatamtasioous flow ratoes ‘The id dynamite SLameter alee 
| | Wgptitegad « upon af weenanionl muiteres, sad 1 wie Gectded to conse 
Sete AAT otwmasamerqnent effort on the hotewirn, wish, of ol) Slewererr, 
Gas coped i: el aes rites ; 

: Seakten poration of the biprepeliant rocket chanter at 300 pat 
wae completed and steady stale nixtweeretio tess ware run watlefactoriiys 
ALL senpenents of tne Dipropeliant test stand were checked out including 
the flow modulaking unit, witch we operated at speedo up to 12,000 We 
Progrece of the instrumentation refindny progtam wae subdiufoetory with the 

; mean value resordin syaton and the trenedenion line netwerke providing 


CO AB ON RR NE eR, RE A A, TT CRE Rei wal Te 


— 


ce eee ee eee | 


eat Rite Seca fy SE OS 


see 


st 


- ee ee 
Wary 


es 


Hato fat ory: oparatdug ROOUrANy sy 


ouuecquent afiorta ik, presented dn datalt in the prugent seperts 


] 


K 
” 


A theoretdond analyeia of the phase lay between pressure and 


fw rato perturbations dn the eulrietype monopro”yiiant injectors we 


made, this amalyein SLlmetratua the fact that the' necnesary corrections 
te the recerded presmure drop onediustions acreda the injector 41 eraar to 
atain the inatentansous flow reve are appreciable. 

| Axhalipoaymmeteio flow ef an incompressible (iuld is aseused 


in order 6o reproduee analyuiselly the flew through the eviyl type injectors. 
The reouits indies that there exit bowh a phase in; and an anplitede 


wetko between perturbations 1n preanure drop and Llew rates As weld be 
eapaett, ‘thene efferve inereese with secreasing flew medudesion frequenay, 


. Wat dasraoe Wa inarcasing nem flow rateos, The results dencnetrate, 


hevevety Ut ieee offeate are @ eufficient order of mgnitede that they 
meaty be talsen inte sseownt ia ary analysis vhioh attempts te relace the us 
ne Lag % nennaremmmis of tha proomas éroy across the ta coters Vata 


is wats tine as hoteuire tents ary available fer waking experimental sheeks 
gn ttekas nearing the thearetiand resulta wii be used directly ter 


% 
eampelations ef the combustion time lay in the nonoprepeliamt resket motor, 


Detadie of the analysis apposr in Appendix A of the present reper. A 
wah Ler analysis will be mate tor the bipropeitant injectors 


iv. AvrAMATUS 
Ae Mano enpeltant Roeket idotor 
The monopropeduant rocky. motor had Luen tmud uuring this report 
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potlod jotiowdy us a volo cur tauba en hie howewleu Duow phengaiion 
) : Aa didn cockde tar agol ba deatoncliawidond on lu uruke cuomuncy 
thw hag boa sured ut thy qhagt al’ the MOTI PRC] WO atabdsshy hue via lat in, 
s" wiite shio doview wil. bo disousnad Leow at sumo don. th under 


4 Sra Leureitant Lone” 


He MApropedtlant Hoaket joter 
A noaxie dcolant pump and ity drive motor have boon dnovedund on 
i. * gue BapropoLlunt Loot stand in order to supply ucoyuart coulin,; Jor vu 
| - teekat nowles ‘This ingvaduation 4s show in Pizure 1, A Ty HP Anduetion 
meer Potating at 1725 RPH ie used to drive a hydraulie year punp with 
a raved capacity ot 4S gadasone por minute at 120 0u'M aid 1000 pale Twa 
vias Controls, ines relief Valves are inglalied on its: wap outlet, one 
fee we dn wetving Vhe required coolant. prewnure, thi: uther bo uot as @ 
entety overload relie€ 1: cane the nosele coolant passa sie shousd because 
sbetructud, The operatin, oondiiion of the cooking syrvem has boon vet 
/ & igo pel nowale ovwdant inlet pressure and 100 pad outdut preiure, with 
@ coolant iiow tn tho present, nosde ou! ap. roxlmaveay 4 ound poy seconds 
oo Prviedon has veen made Ww duublo thin covdant ..ow by Anoroaring Nonz Le 
; enatens passage Andiet and outioy nrean jor vaste at nip her chanber preseures, 
bat ‘the presunt flow rvve ds shoorut lows; oapebd of peraittcny heat 


transfer rates through the copper nussde us to ai, Joan. | tu per uquare : 
dach por secouml without damage 40 Uhd nose, | : 
After dieassumiy of tho chara dug to the ournnd noasde 
devoribed in tho last aarterdy Yrocress Heport, carecui oxaninavion off 
‘ tho 3% psi Anduator revealod a hairitay crack dn vho injector Jaco rurmding 
comp Le tia dy acouid the apex of tho Vevroove wadeh .onme une welt wurdous 


of tho impingin: Jet ordiilo@nse dhe crack aa ajparunbay cue WO slau 


Che mea, ne : Ae) Mie et oi FR te rue b 


ao we eS tg areal mas 


et 


iil, 


congateatiens didacod bb Whe siti Mig ta cis, Veeagve at aky dud aw new 
30) wan Jaguar owe faomloaved whih aro tadad apex to veddevgy Side 
gond.tdugs, The nature os the olaok de shown in lAgure 2, Vator tanutedy 
the Sister 90 pad Anjogior had been fabricated prior to nulloin, af the 
crack da tae 300 pai injector, and, at oe denuequently being used with | 
extrume oares « detailod inspection of dis surface veiny made after eaeh 


‘Witte Meatuhile, 4 ow streverrelieved 00 pal injector ie being mame 


fast: sed te rvopiace it ut the warlivet pocwible times 
delee to continuing the rocket notvor twste, a serdeu of vaher 
"aw ealdtaptions of aath 300 and 600 pei bipropudiant componente wae 


_ Wade Co estedlion the oparatiag linits of the envitating ventarie-in 


eumjunetion with the Clow modulating mit, ‘Ihic wee done in ender te 
. Crnablésh that the preanure cssilaiens introduced by the flew medulating 
_, MOY Ah Ree mend the eperating Uukts of Uhe venturin or, on the other 
' “pent, cana the in, ustion presawe to drop delew the chaabet premtus ds 
_» Saqhe we rae Wath 0 clngle ont of platens, beth sete of esri tating 
(. wentun)'-Lnd both 300 and 600 pal injectors, The 2ddi curves fur this 
Gana eet of pistons weew dra wp and Lie required epernting aywten 
pressubes gelveted for both eteadyestate tenis and teste with flew 
modilations | _ 

Makeriow testing of the bipropelant system with aleohol and 
Aquid eaygen was catiavacvurily eancluded at (00 pat chaaier pressure, and 
preparations wore nade for luginiing hot testy RiGh Clow nodulation at beth 
900 and 4600 nel ohanber pressure with & single eet of Dipropeduant flow 
mohalet ty plat ones Pistons of additdvnad dlametere vor other remgeo of 
odusal ing froquenc,” ern net be put into ma unutnoture until the thecretiaud 
deburainathas wf the proper olavon alee de ounddierikl on Ghee Forthoomding 
tantss 
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Og Tnstewanitation 
dhe béeke regurdiay syates to bo used on nonepropeddunt and 
biproperient Veste ia now gomplete, Oalioratlon techidyues and syetem 
1: eheekewh methods hava Lown @aveblished both for mean vadue eouponuntay 
: yee Seuiguted in the Jast report,’ und aleo for the oeolllating portdons of Uhe 
| ‘ _atguation Giynals, the transient data recording systen, oonsieting of 
yt + Ala phase WB amplifiers, a four channel premplisier, the four ehannel 
| ge ean, four channels sf 4 cathode follower ter matehiny (0 tape 
Sea SAHA W8 Nhe racerkiag one Llozohy and the cosiliegreph iteslf 
we meme ahodhed out in considerable detail, A nusber of adjustaete wore 
e Ser emamp ia, it wan found that the noise level would be markediy 


RB EUSA aEg 


ry Pull calibrations of tho eatize ayuten indiente that 

Rae order of 1 te Ps are possible both with respect to 

‘wad eoustency of the phuev of 1 signals 

3 , Gamplatien of Centwel Resording oon rovietons fa approsekingy 
teh me honstena ave rend the print at whieh full seale teating may be 

|; Qallapghtahed. wishow’s impediment, Photoyraphe of the revised Central 

| Baperding Rem layout are included in Figures 3 and 4, sbewing thy fai) 
patenogene) arraggenent for tranmltting data fron the Leet, o#.is to the 
various pleves of equipment. The convendent arrangement of steady stave 
and transient reeordiag instruments bao reoulied dn highly daproved effiolunsy 
of operation us the inelrumente und reduction of paesonned. unror dn reoerding 
the date, 


+ AI ay AE _- SRD Te ate. oat ‘ oes ‘aside AF Fags ERI elgies 4 , 


he 


intamnaive iavain neat on the Lot wire ddow vlimsenester win carrlod 
aut dating chis report perdod, Digterunt devipne ox probe were exper dri tod 
with in attenpting to detorming Lhe optdiaun ovntiuratien, for mos@uriny thé 
faivly high frequency on¢lilationa in tho high energy liquid dine at high 
pressures, The oriyinally considered nickel eee of e00@—inch diameter 
| - ‘towd to be of inaufficiens sensitivity wien und in short lonxtiwe 
" 20 sme found necessary to use rather Long preoos of nicked ide in the torn 
of o malities ertd wound around a pair of supperte in onder to obtain 
\ptteatant reelaunee for the reqeired sensitivity, scperimente to duprove 
wie situation were made with a «lass filament coated sith @ sputtered fiun 
Of tamgaten whose thickness could be Gontroiied so a6 to control thw 
“ peabunance ond henee the sensitivity of tne probe at while Unfortunately, 
protes favrieated using this technique proved both oxpensive and too 
. @eMente fer prectival operations A ohange was made Ae Sm canoe teaanant 
(Ow ettan Lda 4002 inetee in diamer, and instead of tungsten, 
oe aiden flasment ves paated witht a cofitrodied thickness ef alekel, 
‘Yiaaaananene te, the proper range ware obtained uy the use of « caretualy 
"| RNGMOA plating presese, avi this type of probe 1s new being readied for 
AMINA tnalde ene of the meneprepaliant injectors, Neenvnile & nudver 
“\ a taste wore ran cc the noneprepeliant test stand veing a large “wortherse" 
* pei dn eadsetindon ah Sid Gemiicesiaah ling wait in erday te eheck 
Se of the bridge, amplifier and treaseissioa syston, the 
Prove weed here was coe oF the eridewund mtivired nickel probes with 
veaketance in the range to provide signals adequate tor teat wrk. 
ay . « ‘Tre probe wis nounted in a uirdight pipe in the teed iine 
Ob the approsiaat« socatdon of the rookat motor, and waver tesla with Law 
modulation were performed in order to culablinh wire operating teuporaturon 


€ 
oo Weng» . Pon 7 rc ts oe b.at, ARR He Page , “ ae 


and yy yuengsy ranean of tha seytutits whe 
(Ae len: dowlo mentioned ascites whl bo wed duty the 
ferthoutin: repose, peslod to: aiooddel che reaponda time of the pruve under 
" ite oxpooted operavda. sonditions in the fuldowin, ways 4 sargo diuidnloss 
aveel Hae vontadnia: ; ‘ vory imate maint ab ita outer edge hae been mounted 
on the shatt of the moneproprtiant flow woduluting ’jhte A pdukuy ood 
nowhted un the thrust svand dtenlf svoducos a signal overy tine the magnet, 
wnieh is sedated at tho topedeadecenter position of the fuew modulating 
piston, pavuse the coll, Rhus, the elapsed tine between the indesiag mark 
3 and @ characteristic peint of the hotewire truce may be neasureds when 
. thhe 4a done at a number of modulating frequencies, this measured value of 
the elapsed tine shoud be cesonitally constant, regardless of the frequensy. 
| 20 thks 18 actually the ease, then the rosponeo tine ef the hot wire 4s 
walticiently repad that it may on asauned to respond ine ‘an taneously te 
steilictmns up te the maximum operating frequency of the fiew modulating 
nr Co These tests are bein; made tc corroborate under simulated test 
| “qardh ions the reoults published Inst year which described the efiests of 
dntredueing @ step function into the f.low past one of the older models ef 
the hetewire tiow vhasututer, 
ree these final reaoonaeetimo chocka have been eenoluded, 
dadibralions of Lhe rulationaldp ostwen insvantaneous Jdow and presewe 
Grop acruss the wonooropuiiant injector ardfiecs will be wade te eheok the 
thuoret toad aralysic ineuided as sippendix A to the present reporte 
| Cobddratdtona of Lhe latest alipment of Jdeadu preseure plokupe 
beve buon comlotad. It wis found that hyavoresia of the disferentialetype 
plokups could be reduced te a meyddvible value df the ploku reforence 
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Figure I Installation of Biprope lant 
Nozzle Coolant Pump and 
Relief Valves 
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Figure |’ Diagram of Monopropellant Injector. 
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Figure 2: Monopropellant Injector Showing 
Details of Notation Used, 
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